The objective of this paper is to present a simple time-dependent calculation of the lightabsorption cross section for a strongly coupled partially degenerate plasma so as to transcend the usual single-particle picture. This is achieved within the density-functional theory (DFT) of plasmas by generalizing the method given by Zangwill and Soven [Phys. Rev. A 21, 1561 (1980)] for atomic calculations at zero temperature. The essential feature of the time-dependent DFT is the correct treatment of the relaxation of the system under the external field. Exploratory calculations for an Fe plasma at 100 eV show new features in the absorption cross section which are absent in the usual single-particle theory. These arise from intershell correlations, and channel-mixing and self-energy effects. These many-body effects introduce significant modifications to the radiative properties of plasmas and are shown to be efficiently calculable by this time-dependent density-functional theory.
I. INTRODUCTION
One of the theoretical approaches which has proved to be very fruitful in recent years is the application of density-functional theory (DFT) to the study of properties of dense plasmas. ' Density-functional theory provides a rigorous approach to the properties which can be related to the one-electron density (or one-electron Green's function ). DFT proceeds by providing an effective singleparticle description of the many-body system. This DFT approach can also be adapted to the calculation of many transport properti. es since the single-particle description can be coupled to a response-function method or a Boltzmann-equation approach, without directly going through Kubo-type formulations which demand an accurate knowledge of the two-particle Green's function.
The objective of this paper is to present a detailed time-dependent density-functional calculation of the absorption of light by a plasma of arbitrary densities and degeneracies. The method we follow is a generalization of the work of Zangwill and Soven (ZS) where the photoabsorption by an atom at zero temperature has been treated.
ZS (Ref. 6) use DFT together with a time-dependent
response-function formulation to obtain results which are at least as good as the more laborious calculations available for these well-studied atomic systems. The essential feature of the time-dependent DFT used in Ref. 6 is the inclusion of the relaxation of the system under the radiation field, so that the oscillator strength for the transition i~j is calculated from matrix elements of the form (i (r(x,co) If both i and j are bound states, then we have line absorption (and emission) with profiles determined by lifetime effects.
Thus in adapting the method of Ref. 6 to the plasma problem it becomes necessary to take account of (a) finite-temperature effects in the response functions, (b) = f Xc(r,r')PscF(r', co)dr' .
In effect the response of the interacting system converts the external potential P,", (r, t) to an effective driving potential determined self-consistently from the equation PscF(r, to)=$, ", (r, co) + f E(r,r')Xo(r ', r", co) Since the Fermi-factor difference (f; -fJ ) appearing in line process. In Table II The driving field near~=26.0 is given in Fig. 4 . The giant enhancement near co =27, due to the interaction of the 2p~3d and 3d~el processes is particularly interesting.
As seen from Fig. 5 (a) the driving field becomes very large just in the region of the atom where the $2p X$3d
overlap is a maximum. Also, since both these functions are nodeless, the transition density has a constant sign throughout and leads to a more intense effect. The imaginary part which is negligible at co=26.0 (Fig. 4) In Figs. 9 and 10 we compare oh",(r0) with o~;", (co). The channel-interaction processes discussed in relation to cr~h are also found to influence the line-absorption cross section as well. This is of course to be expected since the modified potential Psc"(r, co) enters into both cross sections. In Fig. 11 
